We successfully developed a novel screening method for the acquisition of DNA aptamers. The technique selectively recognizes resorufin using on-chip screening in combination with an in silico evolution method. This method proved efficient for screening for DNA aptamers of single-stranded oligo-DNAs. A genetic algorithm was applied to make oligonucleotide sequences for the combinatorial library. A fluorophore, resorufin was applied to the ligand screening as a target. The affinity of the library was analyzed by the DNA microarray. This method for screening DNA ligands includes on-chip selection and a computer-evolved sequence, where the highest affinity was chosen. The fluorescence intensity of the library on the DNA microarray increased after three repetitions of the selection round.
INTRODUCTION
In vitro selection uses a randomized oligonucleotide library as a screening source, which allows the selected molecules to be reamplified using the PCR method [l, 21. The acquisition of high-affinity ligands for targets that are not suitable for the conventional immunological techniques is possible by means of the in vitro selection. In recent years, biochemical assay miniaturization and the integration of microchp-based technologies with combinatorial library screening has progressed significantly for high-throughput and large-scale applications. Such a development would be the equivalent of a lab-on-a-chip. Thus, we thought that the use of a DNA microarray would be a quite effective method for screening DNA ligands, because it does not require DNA sequence analysis for obtained DNA aptamers in which custom designed sequences are addressed independently. In order to overcome the limited sequences of the on-chip library for the selection of the sequence, we also thought that computer-evolved sequences should be applied in order to obtain sequences of high affmity ligands. Genetic Algorithm (GA) is based on principles used in genetics and evolution. Using a GA, by simulating evolution, many problems can be solved in a short time limit. Thus, GA is a powerful tool for our analysis, considering the huge amount of data. In this study, we present a novel method for rapidly selecting preferred binding sequences from a population of random sequences using on-chip screening with in silico evolution. Here, DNA aptamers that bind to resorufin, which is the common fluorescence dye, were targeted.
RESULTS AND DISCUSSION
The conceptual figure produced on a computer is shown in Fig. 1 . For the initial selection, a stem-loop structure of 20-mer oligonucleotides as a motif with a random region of 10 nucleotides, 5'-GGGGG-NlO-CCCCC-3', was generated and chosen randomly from 300 different sequences by computer for the detection of the frrst screening for a zero generation of resorufin-binding aptamers. The obtained random oligonucleotide library was synthesized on a Combimatrix chip. The sequence of the highest affinity obtained was chosen, called the "mother" sequence. For the next generation, the obtained mother sequence evolved and mutated to one mismatch and two mismatches with side-by-side bases. All the one-mismatched sequences were left in the The first ligand screening was applied to a random choice in silico onto a chip. The in silico library of sequences was generated by changing the position of the mismatched sequence. Two points of mutation were placed side by side. A maximum of 300 sequences for twenty-base DNA ligands were electrochemically immobilized in a Combimatrix microarray. In the absence of a target, the aptamer was unable to bind to resotufin and remained on the chip. The fluorescence of the spots resulted in the self-attachment of the resorufin. Ligands of highest affinity to resorufin were screened, and the sequence was applied to in silico evolution library, but the two-mismatched sequences were chosen randomly. Thus, 130 sequences were created in the on-chip library. The same procedure was applied to the next generation after the affinity test. The biochip array stage produced by Combimatrix has a wide range of applications, from DNA synthesis for diagnostics to detection. Resorufin (Ex/Em -563/587 nm) was applied to screening of the zero-generation library for the random DNA pool to acquire specific DNA ligands. We selected the stem-loop structure as a motif for screening. First of all, for makmg an on-chip library for a zero-generation, 5 12 sequences of twenty bases were created at random by computer. A spot of the highest fluorescence intensity was found in the library.
This spot was 5'-CCCCCGGGGGCATGGGGGG-3'. Although significant responses were not observed on this chip, the reason for the first screening of the obtained sequence should be considered. Since this means piclung up one sequence from among 104=1.05 x IO6 sequences, it is similar to looking for a needle in a haystack. In this way, the sequence with the highest fluorescence intensity selected from the zero-generation chip was assigned as the mother, and offspring were created by the GA for the next step. In creating a library for a first-generation chip, all the sequences of a single mutation for the offspring were left and sequences of double mutation were picked up at random for the library. Every two clones of the 130 sequences in the library were created on a chip. It was observed that many numbers of spots had significant fluorescence intensities compare to those seen ( Fig.  2A ). Since these sequences were similar to those obtained from zero-generation chips, they have a similar secondary structure. The subsequence of the n rl The S/N ratio in the array was determined as a function of the target concentration. A bar chaa is used to illustrate the relationship between the average S/N ratio of the ligands and each generation in the assay. The signals generated in the absence of the targets were subtracted. The values are the average of thc in silico-evolved offspring, in which the values are the average of all determinations. Error for data points was less than 3% highest fluorescence intensity, S'-CCCCCCGGGGGGGTGGGGGG-3, was selected as a child. The second-generation chip was produced using the same computational procedure as the mother sequence. Even when compared to the photograph of the affinity test for the second-generation chip, more spots were detected in comparison to those produced by the first-generation chip. Furthermore, the analysis of the signal-to-noise ratio between the signal intensity of a spot and its surrounding background showed the higher affinity of ligands obtained in each generation (Fig. 2B) . Considering these results, it is reasonable to assume that this method using in silico evolution is more effective in obtaining aptamers. 
